Mechanism of microtubule assembly. Changes in polymer structure and organization during assembly of sea urchin egg tubulin.
Assembly of tubulin, purified from eggs of the sea urchin Stronglyocentrotus purpuratus, was examined at physiological (18 degrees C) and nonphysiological (37 degrees C) temperatures. Critical concentrations for assembly were 0.71 mg/ml at 18 degrees C and 0.21 mg/ml at 37 degrees C. At tubulin concentrations above 1.2 mg/ml at 18 degrees C and 0.5 mg/ml at 37 degrees C, a concentration-dependent "overshoot" in turbidity and in small-angle light scattering was observed; turbidity and scattering increased rapidly to a peak, then decreased asymptotically toward a steady-state value. Quantitative sedimentation analysis revealed that the mass of assembled polymer reached and maintained a constant level during overshoot of turbidity. Changes in the wavelength dependence of turbidity were consistent with the initial formation of sheets of tubulin, followed by conversion of the sheets to microtubules, both at 18 and 37 degrees C. Examination by negative-stain electron microscopy showed that sheetlike structures predominated during the early stages of overshoot assembly, while complete microtubules were present at steady state. Furthermore, measurements of average polymer length revealed that the overshoots in turbidity and in light scattering are unlikely to be caused by polymer length redistribution. Qualitative observations of solution birefringence suggested that the polymer became progressively more aligned during assembly. These results suggest that the turbidity/light-scattering overshoots reflect changes in the form or in the organization of the assembling polymer, or both.